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Crystal Structure and Magnetic Susceptibility Study of Pyrrolidinium Trichlorocuprate(ll)
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The title compound, (fNH10)CuCk, is shown to exist in two phases, the previously repoctgzhase and a new

B phase. DSC studies indicate that thphase transforms to thee phase at 93C. Theg phase is stable at the

room temperature, with the phase metastable with respect to thphase at room temperature. Crystals of the

B phase are monoclini€2/c, with a = 17.327(3) A = 8.360(2) A,c = 12.005(2) A, angd = 100.92 (3} with

Z = 8 for p = 1.883g/cm?. The structure contains chains of bibridged,Clg?~ dimers running parallel to the

c direction. This is in contrast to the previously reportedbrm, which contains uniform chains of face-shared
octahedra. The chains in the phase lie parallel to the unique (monoclinic) axis. Thus, no crystallographic
relationships exist between the two compounds and the phase transition must be first order in nature. A unique
feature of the phase transition is a decrease in volume as the crystal is heated through the transition. This is a
result of the formation of the more compact chains of face-shared octahedra in the high-temperature phase.
Magnetic susceptibility studies of thphase are indicative of competing ferromagnetic and antiferromagnetic
coupling, with the onset of long-range order at 7.5 K. The data are interpreted in terms of a ladder chain consisting
of ferromagnetic dimers coupled into antiferromagnetic chains through sher€Ctontacts.

Introduction ature to 90°C and whose mole ratios were varied over a substantial

range. Thes form of pyrrolidinium trichlorocuprate(ll) was invariably
The crystal structure and magnetic properties ofahghase obtained from crystallization at room temperature while théorm

of pyrrolidinium trichlorocuprate(ll) have been reported by could only be crystallized above ST. Crystals used in this study

Nilsen et al The primitive monoclinic crystal contained chains were obtained by evaporation of 1:1 mole ratios of pyrrolidine and

of face-shared octahedra running parallel to the unique mono-CuCk-2H;O in aqueous solutions with excess amounts of HCI at 40

clinic b axis. The structure is a variant of the 2L form of the 60 °C (5 phase) 090 °C (a phase).

hexagonal AMX% structure? with an antiferrodistortive sequence ~ DSC studies were carried out on both theand f phases (as

of Jahn-Teller distortions superimposed on the nominal octa- 'dentified by X-ray diffraction) with a Perkin-Elmer Delta DSC7

hedral coordination of the Cu(ll) iorfs Because of our interest ~ nstrument over the temperature range-280°C. Crystalline samples

in possible dynamic effects in such chafnse began a study were ground and sealed in the sample pans. Helium gas (flow rate 20

fh ¢ Prelimi . tioati led th ist kPa) was used as purge gas. The scan rate 6€2@in was used for
orthe system. Freliminary investgations reveale € EXISIeNCE 1 calibration and data collection. Each phase showed a major

of a second crystalline phase (labeled ffgghase in this paper)  exothermic transition at approximately 260. Theg phase exhibited
with the same stoichiometry. In this paper we report the crystal a weak endothermic transition near %3 with AHyans ~ 2.2 kJ/mol.
structure of thgg phase and a study of its thermal and magnetic In the a phase, a very broad endotherm was also observed near 140

properties. °C with AHyans~ 1.2 kJ/mol.
The susceptibility data for both compounds were taken with a Lake
Experimental Section Shore 7225 susceptometer/magnetometer at a frequency of 375 Hz and

an ac excitation field of 0.4 Oe. The temperature was increased

Initial experiments were carried out on a sample provided by jncrementally from 4.2 K. The applied dc field was zero, but the
Professor K. Emerson of Montana State University. Subsequent StUdiessampIes were not shielded from Earth’s field. The crystals ofothe
utilized samples that were prepared at Washington State University, phase were quite small, so that material was measured as a powdered
following the general procedure outlined by Nilsen et dbissolution sample. This powdered sample was not stable and over a period of
of a 1:1 ratio of pyrrolidine and CugPH,0 in aqueous solutions gave  gays developed a prominent shoulder at about the temperature where
precipitation due to the formation of pyrrplidine-coordinate_d COPper-  the maximum peak height ¢fpyrrolidinium occurs. Thes-pyrroli-
(I) complexes. Concentrated HCI solution was added with stirring - ginjum sample was in the form of dark red plates with distinct grooves
until the precipitate disappeared, and then a few more drops of HCI g10ng one axis, probably indicating that the plates are polycrystalline
were added to prevent reprecipitation. Crystallizations were carried anq fairly well aligned. Susceptibility data were collected with the
out from aqueous hydrochloric acid solutions of pyrrolidine and cupric  gpplied magnetic field aligned parallel to each of the three geometrical
chloride dihydrate whose temperature was varied from room temper- gyags of a plate. The shape of the peak was essentially the same for all
three orientations but was higher for the orientation parallel to the plate

® Abstract published ifAdvance ACS AbstractSeptember 1, 1996. and parallel to the grooves. For the orientation parallel to the plate
(1) Nilsen, D. M.; Larsen, R. D.; Emerson, K.; Rubenacker, G. V.; Ping, and perpendicular to the grooves, the data were noisier than for the
Z.; Drumheller, J. Elnorg. Chem 199Q 29, 2887. other two orientations. The EPR measurements on crystals ¢f the

(2) Li, T.; Stucky, G. D.; McPherson, G. |Acta Crystallogr 1973 B29, : } :
1330. Plumer, L. L. Hood, K.: Caille, Al. Phys, C1988 21, 4189. phase were made using an X-band spectrometer at a microwave

(3) Willett, R. D.: Bond, M. R.; Haije, W. G.; Soonieus, O. P. M.;  frequency of 9.3 GHz aT = 15.6 K. Theg values obtained from
Maask’ant, w. . Alnbrg. Chem 19313 27, 614. ' " measurements along all the three axes of the crystal were later used to
(4) Crama, W. JActa Crystallogr.1981, B37, 2133. fit the susceptibility data.
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Table 1. Crystal Data and Experimental Details for Table 3. Bond Lengths (A) and Bond Angles (deg) for
[-Pyrrolidinium Trichlorocuprate(ll) fS-Pyrrolidinium Trichlorocuprate
empirical formula  (GNH10)CuCk  fw 242.03 Cu—CI(1) 2.327(2) N(1)-C(2) 1.478(9)
crystal system monoclinic temp 28 Cu—ClI(2) 2.277(2) N(1)-C(5) 1.481(10)
a A 17.327(3) space group C2/c Cu—CI(3) 2.264(2) C(2yC(3) 1.460(14)
b, A 8.360(2) A(Mo Ka) 0.710 73 A Cu—CI(1A) 2.30(2) C(3)-C(4) 1.452(15)
c A 12.005(2) Pcalca g CNT3 1.883 Cu—CI(3B) 2.681(2) C(4yC(5) 1.501(13)
B, deg 100.92(3) u(Mo Ka), cmr? 0.341
v, A3 1707.5(6) R2% 5.10 Cl(1)—Cu—ClI(2) 151.2(1) CI(1A>Cu—CI(3B) 91.0(1)
z 8 Ru,> % 6.70 CI(1)—Cu—CI(3) 94.0(1) Cu-CI(1)—Cu(A) 95.0(1)
CI(2)—Cu—CI(3) 91.5(1) Cu-CI(3)—Cu(B) 90.8(1)

AR = 3 ||Fol — IFcI/ZIFol. ® Ry = YW(IFo| — |Fcl)%Y|FolH2 Cl(1)-Cu—CI(1A)  85.0(1) C(2»-N(1)—C(5) 109.5(5)
Table 2. Atomic Coordinates % 10%) and Equivalent Isotropic g:gg_gﬂ_g:gﬁg 13(7)48((:13) g(é);g(%)_gg)) igggg;
Trichlorocuprate Cl(2)-Cu—CI(3B) 110.8(1) N(1}-C(5)-C(4) 102.3(6)

atom X y z Ueqy Cl3)-Cu-CI(3B)  87.2(1)

Cu 304(1) 6155(1) 1176(1) 34(1) 2 A denotes atom coordinates related by, —y, —z. B denotes

CI(1) 439(1) 3519(2) 620(1) 42(1) atom coordinates related byx, y, %> — z.

Cl(2) 662(1) 8779(2) 1214(1) 44(1) N

CI(3) 998(1) 5764(2) 2952(1) 41(1) C(z)c\"(,

N(1) 3853(3) 5071(7) 6147(4) 48(2) @,o

c(2) 3100(4) 5750(10) 5550(6) 66(3) cio) AW CIS)

C@®) 2501(5) 4780(16) 5935(10) 120(6) ci) :PC‘(ZH

C@4) 2872(6) 3586(12) 6740(9) 88(4) Y

C(5) 3713(5) 3471(10) 6601(7) 62(3)

aEquivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

A dark red crystal (0.35 mnmx 0.30 mmx 0.15 mm) from the
sample provided by Professor Emerson was mounted on a Syntex P2 Ci4a) &, .4
diffractometer which had been upgraded to Nicolet P3F specifications K
and equipped with a graphite monochromator (Me tadiation,A =
0.710 73 A). Lattice constants, determined from 25 accurately centered
reflections, yielded &-centered monoclinic lattice wita = 17.327- c
(3) A, b=8.360(2) A,c = 12.005(2) A, = 100.92(3}, andV = Figure 1. lllustration of the dimer chain in thg phase, with thermal
1707.5(6) R. This givespeac = 1.883g/cn® for Z=8. These lattice  ellipsoids included at the 50% probability level.
constants did not conform to those previously reported for the
compound, so a structure determination was undertaken. Data decomposition precluded the pursuit of a crystal structure determination
collection, with a 0.9 w scan and variable scan speeds from 4.0 to of this additional phase.
30°/min, yielded 1325 reflections out t@#2= 45° (1109 unique, with
rmerge = 0.027)° Empirical absorption corrections, base pnscans, Structure Description
were appliedg = 0.341 cntl). Crystal data and experimental details . o
are summarized in Table 1. The structure solution proceeded in a 1he 3 phase structure contains centrosymmetric bibridged
straightforward fashion in the centrosymmetric space gr@2fc Cuw.Cls?" anions that are linked together through semicoordinate
utilizing the direct methods program SOLV in the SHELXTL program bonds to yield infinite, alternating bibridged chains that run
package on a Data General compliteFinal refinement, performed  parallel toc. The chain structure is illustrated in Figure 1. In
on a VAX 3100 workstation with the SHELXTL-PLUS program  this manner, each Cu(ll) ion attains a commonly observed folded
packagé,yieldedR= Y ||Fo| — |F||/X|Fo| = 0.051 andRy, = Y W(||F| 441 coordinatiof with (Cu—Cl)ay = 2.294(3) A in the basal
— IFel)#2wIFo|* = 0.067 for all reflections. Hydrogen atoms were  plane and with the semicoordinate (axial) bond length equal to
included at idealized positions t&4 = N—H = 0.96 A). Final 2.681(2) A. The basal plane shows a pronounced folding with
p95|t|o_nal parameters and e_quwalen@ isotropic th(_ermal parameters are; cmallertrans angle of CI(1)-Cu—Cl(2) = 151.2(1}. The
given in Table 2. Ta.b!e. 3 gives pgrtlnent bond distances and angles.chain structure is similar to that in [(GHNH,JCuCL® and

A crystal from our initial preparation was also mounted on the same corresponds to the stacking diagramwhere adjacent dimers

diffractometer system. The lattice constants were consistent with those ; ;
reported by Nilsen et dl. (The values we obtained weae= 9.346(1) ;relgte)lgt:g l;y ttheggfe z)&rgrr;?;rgk?:]eme;l:fe. rr;l'f:lns ?;Langzir:;n t
A, b=65007(7) Ac=14.131(1) A = 102.93(1), andv = 8378 > 2= 50 2 T2 gp

A3with Z=4inP2y/n.) Analysis of a data set collected on that crystal
confirmed the structure reported by Nilsen.

In addition, crystals of the. andg phases were heated while mounted
on the diffractometer and lattice constants monitored as the crystal was
heated. The sample of thiephase lost crystallinity between 90 and
100°C, corresponding to the endotherm observed &®8 the DSC

experiment. In contrast, the phase retained its structure up to 130 —
°C, at which point it slowly lost crystallinity. Again, this correlates
well with the endotherm observed in the DSC study of this phase. The I
(5) Campana, C. F.; Shepard, D. F.; Litchman, W.vrg. Chem1981, (8) Blanchette, J.; Willett R. Dinorg. Chem 1988 27, 843.
20, 4039. (9) Willett, R. D.J. Chem. Physl965 44, 39.
(6) Sheldrick, G. M.SHELXTL User's ManualVersion 5.1; Nicolet (10) Geiser, U.; Willett, R. D.; Lindbeck, M.; Emerson, K. Am. Chem.
Instrument Corp.: Madison, WI, 1986. Soc 1986 108 1173. Bond, M. R.; Willett, R. Dlnorg. Chem 1989
(7) Sheldrick, G. M.SHELXTL-PLUSSiemens Analytical Instruments, 28, 3267. Willett, R. D.; Bond, M. R.; Pon, Gnorg. Chem.1990

Inc: Madison, WI, 1990. 29, 4160.
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Table 4. Two-Halide Contacts for the Pyrrolidinium
Trichlorocuprate®

phase atoms dist, A atoms angle, deg

o CI(1)-Cl2a) 4.143 Cu(B}Cl(1)-Cl(2a)  139.9
Cu(2a)-Cl2a-Cl(1)  138.2

B Cl(2b)-Cl(2c) 3.924 Cu(b}Cl2b)-Cl(2c) 111.6
Cl(1)-Cl(2c)  4.033 Cu(b)CI(1)-Cl(2c)  107.4
Cu—Cl(1)—Cl(2c) 153.1

Cu(c)-Cl(2c)—Ci(1)  157.9

2 a denotes atom coordinates transformed/by- x, =%, +y, /> —
z b denotes atom coordinates transformeaHxy1l — y, —z. ¢ denotes
atom coordinates transformed by, 2 — vy, —z

Ciltal ci2i

In the form, the—NH; moiety of each pyrrolidinium cation
forms a pair of bifurcated hydrogen bonds to the chloride ions
(see Table 4). One type of bifurcated-N---Cl hydrogen bond
links dimers within chains (NCI(2) = 3.265 A and N-CI(1)
= 3.0 A). The second type bridges adjacent chains @N1)
= 3.0 A and N-CI(2) = 3.288 A). It is the latter interaction
that forces the short interchain-€ICI contacts ide infra). For
comparison, in thea form, the pyrrolidinium cations are
hydrogen-bonded to a pair of chloride ions, one in each of two
adjacent chains (NCI(2) = 3.297 A, N-CI(1) = 3.299 A). In
the 8 phase, the cations are nonplanar, with the N atom lying
0.32 A out of the plane of the four carbon atoms. However,
C(3) shows a large amplitude of thermal motion perpendicular
to the plane (0.45 A), with C(2) showing a somewhat lesser
motion (0.28 A). All bonds are shorter than expected for a
rigid molecule. In contrast, in the phase, the pyrrolidinium
ring is nearly planar. The mean deviation from the plane is
only 0.014 A.

In both phases, the 8gN," cation can be fitted by a rigid-
body model utilizing the TLS analysis given in the SHELXTL-  gigyre 2. jllustration of interchain contacts. (a) Top: tkephase.
PLUS program. However, a good least-squares fit of the Theb axis is vertical, and tha axis is horizontal. (b) Bottomg phase.
parameters of the model to the anisotropic displacement The c axis is vertical, and the axis is horizontal.
parameters of the cation does not necessarily mean that the
cation is rigid. In both phases, the C atoms opposite the N the plane of the organic ring lies perpendicular to the chains. A
atom of the ring have large displacement amplitudes perpen-second, more crucial difference is associated with the change
dicular to the plane of the ring. Thus both phases show evidencein symmetry elements that occurs in the phase transition. In
of disorder of the organic cations. However the extent of the o phase, the uniform chain runs parallel to the unidoe (
disorder is larger in the. phase, as evidenced by larger atomic monoclinic axis. However, in thg phase, the dimer chains
displacement parameters and more nearly planar averageun perpendicular to the unique monoclinic axis. The trans-
structure for the cation. formation between the two polymorphs thus involves the

For interpretation of the magnetic measurements, examinationcreation of new symmetry elements as well as the destruction
of interspecies contacts is of importance. Figure 2a,b illustrates of existing elements. The phase transition is then clearly first
the observed C1-Cl contacts in thex andf phases, respectively.  order in nature, consistent with the observed loss of crystallinity
In thea. phase, the shortest interchain ©CI distance is 4.143 upon heating thgg phase through the transition at 9G.

A between CI(2) and CI(1). This couples the tribridged An unusual feature of the phase transition is that the molar

(CuCk),"~ chains into a rectangular array that lies parallel to volume decreases upon going from the low- to high-temperature
the{101} planes. Inthg phase, the shortest interchain-CCl phase. The molar volume in the low-temperature phase, 213.4
distances are 3.924 A between pairs of CI(2) atoms and 4.033A3 decreases by 4.0%to 209.4 & in the high-temperature

A between CI(1) and CI(2) atoms. This couples the chains phase. This must be associated with the more compact nature
together into a more complex two-dimensional array, which now of the tribridged chain when compared to the more open

lies parallel to thgf 103 planes. structure of the dimer chain. This can be seen by inspection of
» Figure 3. In the tribridged chain, the Cu(ll) ions are coordi-
The Phase Transition nately saturated, while thet4. geometry in the dimer chain

Figure 3 shows the packing of the cations and anionic chains has one coordination site unoccupied. The driving force of the
in the two phases (to, phase; botton); phase). Examination ~ transition must be the entropy increase associated Wlth the
of the two diagrams in Figure 3 clearly shows the very close increased disorder of the cations. This is able to override the
structural relationship that exists between the two phases. Themore normal tendency of structures to become more open at
general arrangements of cations and anionic chains are nearhyligher temperatures.
unchanged in the two structures. In particular, each anionic
chain is surrounded by six stacks of the organic cation, with
the chains arrayed in a pseudohexagonal arrangement. The most In order to confirm that the original susceptibility study was
obvious difference is the reorientation of the pyrrolidinium rings. carried out on the correctf phase, measurements were made
In thea phase, the normal to the mean plane lies nearly parallel on samples of both phases. Figure 4 shows the low-field ac
to the anionic chains. In contrast, in thehase, the normalto  magnetic susceptibility of a powder sample of thphase. The

Magnetic Behavior
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Figure 3. lllustration of the packing of the cations and chains. (a)
Top: o phase, as viewed parallel to theaxis. (b) Bottom: 5 phase,
as viewed parallel to the axis.
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Figure 4. Plot of y'w vs T for the o. phase. The solid line is the best
fit to the mean field corrected 1D Heisenberg model with= 62 K
andzJ = —1.2 K.

plot of y'mT vs T (not shown) shows that théuT value initially
increase ag decreases, indicating dominant FM interaction.
However, belowT ~ 25 K, they'uT product begins to drop.
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Figure 5. Plot of y'w vs T for the § phase withH, perpendicular to
thebc plane. The solid line is the best fit to a ladder model with=
12.3(4) K andJ'/k = —1.80(7) K withg = 2.218(7).

This provides evidence of the presence of weaker AFM coupling
in the system. The onset of long-range order at low temperature
is evident from the sharp maximum ji as well as the step
in ¥"m. The former is likely due to the presence of spin canting,
while the latter arises from the absorption of energy due to
domain wall movement just beloW.. The high-field static
susceptibility previously reported is in agreement with the
data, except that the 3d ordering peak was suppressed in the
high-field measurements. The dletemperatureTy, is esti-
mated at 6.10 K from the maximum ig'vy and from the
inflection iny"'w. The high-temperature data were fit to a high-
temperature series expansion for a SpitHeisenberg FM chain
with ferromagnetic couplingJf** modified with a mean field
correction {') for AFM interchain interactions, witly fixed at
2.191. The analysis of the data between 8 and 80 K yi#lds
=60 K andzJ/k = —1.6 K. The value of] is extremely
sensitive to theg value assumed, because of the strong coupling
betweerg andJ. These values afandJ are in good agreement
with the previous resultsi(k = 56 K andzJ/k = —1.2 K for
g = 2.191). On the basis of the structural characteristics, the
FM coupling is associated with the tribridged chains while the
AFM coupling is associated with the <ICl interchain contacts
that are shown in Figure 3a.

Susceptibility measurements on crystals offhghase along
all three crystal axes exhibited very similar behavior. Figure 5
shows the plot of'y andy''m vs T for Hp applied perpendicular
to the ac plane. All measurements showed sharp maxima in
x'm at 7.5 K, with an associated stepyitiy. The value ofy'u-
(max) was slightly higher foH, parallel toc (0.060 emu/mol)
than in the other two orientations (approximately 0.050 emu/
mol). In the temperature range 180 K, the value of'ny was
slightly higher forHp perpendicular to thbc plane than foH,
in the plane. The plot of'mT vs T for Ho perpendicular to the
bc plane (Figure 6) shows a broad maximum in the range 30
60 K. The initial increase in'mT asT decreases indicates that
dominant FM interactions are present. This is also evident for
the 1f'm vs T plot (not shown), where the high temperature
extrapolates to a positive intercept with the temperature axis.
The decrease in the value gfyT in the range 1630 K
indicates the additional presence of weaker AFM coupling in
the system.

(11) Baker, G. A., Jr.; Rushbrooke, G. S.; Gilbert, HFhys. Re. 1964
135 11272.
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0.0032 metals and are further delocalized intdype p orbitals on the
1 halides. The linear arrangement will lead to much more
0.0030 effective overlap of the wave funtions and thus to much stronger
1 antiferromagnetic exchange. This implies thatdhiateraction
0.0028 is presumably the dominant antiferromagnetic exchange path-
1 way. This defines a ladder exchange network with ferromag-
£ 0.0026 netic intradimer exchangd)(for the rungs and antiferromagnetic
S 1 two-halide contacts]() for the rails. The data for the orientation
é 0.0024 with Hp perpendicular to thébc plane were fit to a high-
2 1 temperature series expansiofor a ladder system, to yieldk
= 0.0022 = 12.3(4) K andJ/k = —1.80(7) K withg = 2.218(7).
0.0020 Discussion
1 It is instructive to compare this system with the very similar
0.0018 phase sequence found in [(@pCHNH;]CuCl.1® The latter
00016 by compound contains a dimer chain structure at room temperature

(triclinic, a=11.692 Ab=7.804 A,c = 6.106 A,a. = 79.00,

0 20 40 60 80 100 120 140 160 B =122.60,y = 116.47, andV = 419.3 &). It undergoes a

TK first order phase transition at 8C to a uniform chain of face-
Figure 6. Plot of y'w T vs T for the 8 phase withH, perpendicular to shared octahedra (orthorhombic= 14.589 A,.b = 7.296 A,
thebc plane. The solid line is the best fit to a ladder model with= c=6.365(3) A, andv = 816.8 }3@) Thus there is a somewhat

12.3(4) K andY'/k = —1.80(7) K withg = 2.218(7). larger decrease in molar volume in this compound, Wty

Additional information can also be deduced. The sharp peak — —°-4 A®. The value ofAHuans is also somewhat larger at
in x'w at 7.5 K is again indicative of the presence of spin canting. 5.8 kJ/mol, With ASsans = 18 J/(mol deg). The stacking of
This sharp peak masks the normal maximum associated withdimers in the low-temperature phase is now #:2¢/,) pattern,
the presence of antiferromagnetic spin correlations, the onset®S illustrated inl, and is different from that observed for the
of which can just be observed at the high-temperature side of
the maximum. The N& temperature can thus be taken as 7.5 [_L_—
K. The anomaly iny''w at 7.5 K is again likely due to domain
wall movement as long-range order sets in.

To proceed further with the analysis, it is necessary to appeal
to the known magnetestructural correlations in copper(ll)
halide systems. Within the copper chloride chaihsienotes /8 phase of ((NH19)CuCk. Examination of packing diagrams
the coupling between Cu atoms in the dimeric units add  in [(CH3)2CHNH;]CuCl; revealed that the packings of the chains
denotes the coupling between dimers. The possible interchainand cations were very similar in the two phases, and indeed, it
couplings are denoted ki (the CI(1)--Cl(2) contacts) and" was possible to transform the low-temperature phase into the

(the CI(2)--Cl(2) contacts). Three limiting cases can be high-temperature phase without losing crystallinity. This was
identified: (i) J, aJ > J, J* (defining an alternating chain  despite the fact that the low-temperature space group was not

I

system); (ii)J, J > oJ, J' (defining a ladder chain witt a maximal subgroup of the high-temperature phase. The organic
associated with the rungs addwith the rails); (i) J, J' > cation was found to be ordered in the low-temperature phase
oJ, J (defining an alternating chain system also). but disordered in the high-temperature phase.

It is known that the sign of exchange coupling in,Clg?~ This study emphasizes the crucial role that hydrogen bonding
dimers depends on the magnitude of the bridging-Ci+Cu plays in determining the details of structures observed for

angle and the deviation of the Cu(ll) coordination geometry organoammonium salts of copper(ll) halide s&ltsFor the
from planarity!2 With a relatively small bridging angle of 95.0-  ACuX3 systems, hydrogen-bonding cations stabilized chain type
(1)° and the bifold angle of 28°9ferromagnetic couplingl(> structures based on edge-sharing of €s¥uare pyramids:

0) within the dimer is anticipated with 3k value of 16-20 K. In these structures, the existence of nonbridging halide ions is
The presence of ferromagnetic coupling within the dimer is also generally associated with multiple-NH---Cl hydrogen bonds
required by the presence of spin canting, since the two magneticto those halide ions. In contrast, the face-shared octahedral
centers in a dimer are related by a center of inversion. While structure is obtained with Mdl*, while larger RN* cations

the exchange coupling,J, between dimers has a variable, not yield structures with isolated G¥¢*~ dimers.

easily parametrized, magnitude, it generally is w&aklhus Acknowledgment. The support of NSF Grants CHE-
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